INTRODUCTION

30
There is a wealth of proxy data showing that the climate system underwent large, abrupt 31 changes throughout the last ice age. Among these are about one score large, abrupt 32 climate changes known as Dansgaard-Oeschger events that occurred every 1-2 kyr. 33
These events were first identified in ice cores taken from the summit of Greenland 34 Greenland ice core signals. 152
Age model for marine sediment core 153
Age models based on the ice core and calibrated 14 C dates can be used to estimate "true 154 ages" for the marine core, but will be subject to errors due to missing or misinterpreted 155 ice layers, uncertainty in reservoir ages and uncertainty in sedimentation rates. Our 156 approach here is thus not to rely on "true ages", but rather on a stratigraphic tuning of 157 the marine record to the ice core record. We use the high frequency variations in 158 The tuning has been performed using the tuning points as indicated in Figure 2 and the 164 software package AnalySeries 2.0 (Paillard et al., 1996) . 165 8 A final step in the synchronization between the ice core and the marine core is done 166 with tephra layers. Two ash zones identified in the marine record have also been 167 identified in the NGRIP ice core (Svensson et al., 2008) The final tuned age model presented for MIS3 (Figure 3 ) only uses the ages given by 178 the tuning to NGRIP and the ash layers. As an independent check, we note that the new 179 age model for the marine sediment core is consistent with calibrated 14 C dates (Table 1) . 180
These are calculated using the calibration software CALIB 6.0 (Stuiver & Reimer, 181 1993 ) and an ocean reservoir age of 400 years, applying the "Marine09" calibration 182 In general, the planktonic δ 13 C exhibits more negative values during stadials (Figure  300 3f), suggesting that the water at the preferred depth for the planktonic foraminifera is 301 isolated from the atmosphere. Thus, benthic and planktonic data collectively suggest 302 that during the stadial phase of the D-O cycle, the eastern Nordic Seas is characterized 303 14 by extensive sea ice cover, a surface fresh layer separated by a halocline from warmer, 304 saltier sub-surface waters, and by deep water production by brine rejection along the 305 Norwegian coast. 306
The Nordic Seas during Greenland interstadials 307
In the interstadial phase of the D-O cycle, when Greenland is warm (Figure 3a) , the 308
Nordic Seas are thought to be mostly free of sea ice. Without the presence of sea ice and 309 an associated fresh surface layer, the water column is weakly stratified and the 310 incoming Atlantic water efficiently releases heat to the atmosphere, as is the case in 311 today's Nordic Seas (Figure 4b) . As a consequence, subsurface temperatures in the 312
Nordic Seas are found to be relatively cold (Figure 3b) , and any fresh water that may be 313 deposited in the surface layer is easily removed by strong wind mixing, particularly 314 during the winter. The carbon isotope data from planktonic (N. Pachyderma sin.) and benthic (C. teretis) 376 foraminifera at the site (Figure 3f and g) give additional clues about the transition 377 between stadial and interstadial phases in the Nordic Seas. The isotopic signature of 378 carbon (δ 13 C) preserved in the calcium carbonate shells of foraminfera is related to 379 ventilation and water mass age: at the surface CO 2 exchange with the atmosphere and 380 marine photosynthesis preferentially extracts 12 C from seawater, causing enrichment of 381 surface water in dissolved inorganic 13 C. When the water mass is isolated from the 382 surface mixed layer, its δ 13 C value decreases with age due to mixing with different 383 water masses and gradual decomposition of low δ 13 C organic matter. Although the 384 benthic foraminifera C. teretis do not live directly on the surface of the marine 385 sediments, evidence from studies in the Nordic Seas show that the δ 13 C of C. teretis 386 tracks the δ 13 C recorded by epibenthic species (benthic fauna living on top of the 387 sediment surface at the seafloor). In the absence of epibenthic foraminifera in high-388 deposition regions such as the core site, C. teretis can be used with caution to infer past 389 changes in deep water δ 13 C (Jansen et al., 1989). 390
In the stadial phase, with extensive sea ice, relatively young water of Atlantic origin 391 with high δ 13 C (Figure 3f ) enters the Nordic Seas below the fresh surface layer and 392 halocline. At the onset of the interstadial there is a brief period with extremely light 393 benthic δ 13 C (Figure 3f ). This is consistent with a mixing in of old, poorly ventilated 394 18 deep water masses of Arctic origin from below the Atlantic layer in the Nordic Seas 395 (e.g. Thornally et al., 2011) . Enhanced mixing at the transition will also bring well-396 ventilated waters with high δ 13 C down from the surface; however, this signal is 397 overwhelmed by the mixing in of the old water from below with extremely light δ 13 C. 398
Early in the interstadial phase, following the abrupt transition, the core site is 399 dominated by high δ 13 C as seen in both the benthic (Figure 3f ) and planktonic ( Figure  400 3e) records. At this point, the Nordic Seas are free of sea ice, well ventilated, and the 401 stratification is weak due to efficient winter mixing and absence of a halocline. 402
Continuous input of terrestrial freshwater from melting ice sheets, such as the 403
Fennoscandian, also contribute to the high planktonic δ 13 C. However, towards the end 404 of the interstadial the influence of sea ice is increasing in the Nordic Seas (Figure 3d 42  41  40  39  38  37  36  35  34  33  32  31   42  41  40  39  38  37  36  35  34  33  32 
